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Abstract 
An image registration algorithm of digital subtraction angiography (DSA) is proposed based on 3D space-time detection. The 
DSA image sequence is considered as a 3D space-time sequence. In DSA image sequence, the movement of image points is de-
tected for the control points selection and image registration. If the control points allocate in the blood vessels, their gray value 
will change obviously in the 3D space-time sequence. According to the location of control points, 3D space-time characteristics
are used to select control points. Experimental results show that proposed scheme has a good performance in DSA image regis-
tration. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Digital Subtraction Angiography (DSA) is a type of fluoroscopy technique used in interventional radiology to 
clearly visualize blood vessels in a bony or dense soft tissue environment. Images are produced using contrast me-
dium by subtracting a pre-contrast image or the mask from later images, once the contrast medium has been intro-
duced into a structure [1]. 
In the traditional angiography, images are acquired by exposing an area of interest with time-controlled x-rays 
while injecting contrast medium into the blood vessels. The image obtained would also include all overlying struc-
ture besides the blood vessels in this area. This is useful for determining anatomical position and variations but un-
helpful for visualizing blood vessels accurately. In order to remove these distracting structures to see the vessels 
better, first a mask image is acquired. The radiological equipment used to capture this is usually an image intensifier, 
which will then keep producing images of the same area at a set rate (about 1 - 6 frames per second), taking all sub-
sequent images away from the original mask image. The radiologist controls how much contrast media is injected 
and for how long. Smaller structures require less contrast to fill the vessel than others. Images produced appear with 
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a very pale grey background, which produces a high contrast to the blood vessels, which appear a very dark grey. 
The images are all produced in real time by the computer, as the contrast is injected into the blood vessels [2,3]. 
The key of DSA is image subtraction. Usually the contrast medium (non-opaque iodine solution) is injected into 
the blood vessels to improve the contrast of blood vessels, and then patients will receive multiple X-ray inspection. 
The mask image is an image which is taken before the contrast medium is injected. Other images which are taken 
after the contrast medium is injected, is known as the live images. In this images sequence, we implement a image 
subtraction operation between the mask image and one of the live image, which is the live image with the peak con-
centration of contrast medium. Then we can get an angiography image, within it, only blood vessels are leaved 
(without muscle, bone, et al.). 
Because the mask image and live images are shot at different times, it is difficult to remain absolutely still of pa-
tients in this process. Actually, some movements of patients are inevitable, such as breathing, swallowing, eye 
movement, muscle movement. After subtraction, some unpredicted objects may appear in the angiography image, it 
is so called artifact. In order to remove or reduce the artifacts, usually the image registration must be used in DSA 
algorithms. 
2. Medical Image Registration 
Image registration is the process of transforming different sets of data into one coordinate system. Data may be 
multiple photographs, data from different sensors, from different times, or from different viewpoints. It is used in, 
computer vision, medical imaging, military automatic target recognition, and compiling and analyzing images and 
data from satellites. Registration is necessary in order to be able to compare or integrate the data obtained from these 
different measurements. 
According to the nature of registration, medical image registration can be divided into two methods, extrinsic 
registration method and intrinsic registration method [4]. Extrinsic methods rely on artificial objects attached to the 
patient, objects which are designed to be well visible and accurately detectable in all of the pertinent modalities. As 
such, the registration of the acquired images is comparatively easy, fast, can usually be automated, and, since the 
registration parameters can often be computed explicitly, has no need for complex optimization algorithms. The 
main drawbacks of extrinsic registration are the prospective character, i.e., provisions must be made in the pre-
acquisition phase, and the often invasive character of the marker objects. Intrinsic methods rely on patient generated 
image content only. Registration can be based on a limited set of identified salient points (landmarks), on the align-
ment of segmented binary structures (segmentation based), most commonly object surfaces, or directly onto meas-
ures computed from the image gray values (voxel property based) [5]. 
Levin noted that although the pixel movement in some parts of the image can reduce artifacts, but in other parts 
of the image, artifacts are inevitably enhanced or even add some new artifacts [6]. In order to correct the complex 
movement of patient, image registration can be applied in the local area. Pickens provided an example of using 
second-order polynomial to define the geometric distortion [7]. In their scheme, 12 parameters must be selected ma-
nually. Firstly, six points are selected in the mask image, and then find the corresponding 6 points in the live image. 
Those points can describe the deformation parameters. By introducing more control points, higher order polyno-
mials can also be used to define the deformation. However, Pickens and others also point out that manually select 
corresponding points may cause errors because of operator errors. To avoid this problem, automated registration 
should be considered. 
Meunier compared the optical flow technology and template matching technique [8]. The conclusions are that, in 
addition to parallel projection and draw a rigid motion. The optical flow technique is not applicable to DSA image. 
Although the optical flow technology has been applied in cardiac motion analysis and determining the direction of 
blood flow, but still can not solve the problem of DSA images registration. 
Template matching is a technique of digital image processing for finding small parts of an image which match a 
template image. It can be used in manufacturing as a part of quality control, a way to navigate a mobile robot, or as a 
way to detect edges in images. Template matching can be subdivided between two approaches: feature-based and 
template-based matching. The feature-based approach uses the features of the search and template image, such as 
edges or corners, as the primary match-measuring metrics to find the best matching location of the template in the 
source image. The template-based, or global approach, uses the entire template, with generally a sum-comparing 
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metric (using SAD, SSD, cross-correlation, etc.) that determines the best location by testing all or a sample of the 
viable test locations within the search image that the template image may match up to. 
3. Space-Time Detection Based DSA Registration 
3.1. 3D Space-Time of DSA Image 
DSA image is a sequence images, which includes one mask image and many live images. The DSA image se-
quence is considered as a 3D space-time sequence. In this paper, 3D space-time detection occurs in the 3D space 
with the X axis, Y axis and time axis. 
DSA image can be viewed as M×M×N 3D sequence, where M is the image size (assume that DSA image is 
square), N is the number of images in the DSA serial. Then I (i, j, n) denotes the gray value in the coordinates (i, j)
of the n (n  0) image. When n = 0, I  is the so called mask image, when n > 0, I  is the so called live image. 
3.2. Control Points Selection 
Control point refers to the use of image features such as corners and edges, etc., to obtain image features that can 
express the point. Method of selecting control points have been conducted in the image edge detection, calculated 
according to a threshold [9,10]. 
In most of the image registration algorithm, generally, the grid points are used as the control point. Assume that 
image is defined in a Cartesian coordinate system. Drawing equidistant parallel lines along the X, Y directions, then 
the intersection of these lines were selected as control points. However, this method does not take full advantage of 
image feature information. If we use such grid point, in the areas which absence remarkable image structure, it is 
difficult to obtain a reliable determination result by a similar standards, and will result in an incorrect registration. 
On the contrary, in the region where there are a large number of image structures, the calculation of similarity is 
more effective. So we can improve the matching accuracy, and also get a more precise estimate of the displacement. 
We notice that the artifacts of image subtraction only appear in the visible edge of the object, so we can use the 
image features (e.g. edges) as the control point for the image registration. The usual image features, include edges, 
corners, curve and the region shape information. These local characteristics of image can make the registration more 
effective. In the meanwhile, the computational efficiency is another issue we need to consider. We need reduce the 
number of control points and reduce the computing time. We also need consider the minimum distance and the max-
imum distance between the control points, to avoid too few or too many points. 
Because our target is to detect the background structure and to remove or reduce the artifacts, so as much as poss-
ible control points in the background structure (e.g. edge) should be selected. If the control points allocate in the 
blood vessels, they should be removed out. 
3.3. Space-Time Detection Based DSA Registration 
In this paper, 3D space-time detection occurs in the 3D space with the X axis, Y axis and time axis. When a live 
image minus mask image, it can be written as, 
( , ) ( , , ) ( , ,0)nd i j I i j n I i j  . (1)
Consider the point (i, j) on the mask image with the gray value pi, j. The vector 
_
ija  is formed by the sequence of 
each pixel value at each images of the 3D space-time sequence, 
_
[ ( , ,0) ( , , )... ( , , 1)]ija I i j I i j n I i j N  . (2)
After the contrast medium is injected into the blood vessels, firstly, the gray value of the points in the blood ves-
sels will decrease rapidly in the sake of the injection, it is to say, the color of blood vessels is turn to black. A few 
seconds late, as the contrast medium diluting, the gray value of blood vessels gradually increase until close to white. 
Assume that )( ija  denotes the minimum of the gray value in the coordinates (i, j). 
_ _
( ) min( ) ( , , )ijij a I i j ka   , (3)
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where k is the ordinal number of the DSA images. In the minimum point, the gray value less than the gray value of 
the corresponding points in other images. Value of k is not 0 and N-1. This is because that blood vessel is not very 
clear in the beginning image and the final image of the DSA image sequence. 
If the control points allocate in the blood vessels, their gray value will change obviously in the 3D space-time se-
quence, and this can be used to select control points. According to 3D space-time characteristics of DSA image se-
quence, we can find the control points which locate in blood vessels. If the control points allocate in the blood ves-
sels, they should be removed out from control points. 
Fig.1 shows the comparison between the gray value of the points on blood vessel and the gray value of the points 
out of blood vessel. The total image number of the experimental DSA image sequence is 46. 
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Figure 1: Line A show the gray value of the points on blood vessel. Line B and line C show the gray value of the points out of 
blood vessel. 
The advantages of 3D space-time detection are as follows, 
(1) The number of control points will be reduced to a reasonable number, and this will reduce the corresponding 
computing time of control points. 
(2) The selection of control points is more accurate, thus will make the registration more effective. 
4. Experimental Results 
In this paper, the experimental DSA images are taken form abdomen and brain. The size of those experimental 
images is 1024×1024. 
The experimental procedures and experimental results are as follows, 
(1) Select the mask image and implement Canny edge detection. The experimental results are shown as Fig.2. 
(2) Find control points according to 3D space-time detection method. The specific method of finding control 
points are as follows: 
(a) The edge detection only used in the mask image. Because the live image contains large number information of 
blood vessels, therefore, we can not detect the live image. 
(b) During the registration of the DSA image sequence, the process of finding control points is implemented only 
once. A threshold is set to determine which points should be considered. 
(c) Because of the vicinity relevance of pixels, we set a minimum distance value: Dmin=ĭminM, where ĭmin is the 
coefficient of minimum distance, M is the size of image. Similarly, in order to avoid that there are no control points 
in a large area, we also set a maximum distance value, Dmax=ĭmaxM, where ĭmax is the coefficient of maximum dis-
tance.
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(d) In the normal vascular image, it will appear a constant gray value in some parts of the edge in the image. This 
is determined by the physical properties of DSA equipment. DSA X-ray image intensifier is circular, and the image 
exposure area is RE. RE can be expressed as follow, 
                            
Figure 2: (a) is a mask image. (b) is the edge detection results. 
^ `2 2 2 min max min max|( ) ( )E c cR x x x y y R X x X Y y Y    d  d d  d d , (4) 
                                                                                                                       
˄a˅ ˄b˅
where (xc, yc) is center of the image intensifier, that is to say it is the center of the DSA image. Since there are no 
image information near the edge, so we set the distance from the edge of the image intensifier to the edge of image 
is Dexp=ĭexpM, where ĭexp is the edge parameters of DSA device. So the DSA image is in a circular area which the 
center is in (xc, yc) and the radius is RE -Dexp.
(e) Set related parameters, such as the threshold of gradient magnitude Ĭe.
(f) Image is divided into a number of Medge×Medge regions. Search control points only in the image region of 
Medge×Medge, regardless of the true size of the image. The benefit of this is to ignore the image size, and to simplify 
the calculation steps. However, the cost is that the accuracy will reduce. 
(h) Medge×Medge region is also divided into a number of Dmax×Dmax areas and a number of Dmin×Dmin areas. Next, 
find the points with the maximum gradient amplitude in each Dmin×Dmin area. Then those points will be considered 
as the candidate of control points. 
(3) According to the method of Delaunay triangulation, the mask image is triangulated. The experimental result 
of Delaunay triangulation is shown in Fig.3. From Fig.3 we can see that a large number of triangles appear in the 
background where will likely occur artifacts. 
(4) Geometric correction and grayscale correction are implemented. 
(5) Finally, image subtraction is implemented. 
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Figure 3: Triangulation result.
5. Conclusions 
In this paper, an image registration algorithm of digital subtraction angiography (DSA) is proposed based on 3D 
space-time detection. The DSA image sequence is considered as a 3D space-time sequence. In DSA image sequence, 
the movement of image points is detected for the control points selection and image registration. According to the 
location of control points, 3D space-time characteristics are used to select control points. Experimental results show 
that proposed scheme has a good performance in the DSA image registration. 
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